We have reviewed available visual information from the seafloor, and recently acquired 29 microbathymetry for several traverses across the Lucky Strike segment, to evaluate the 30 distribution of hydrothermal activity. We have identified a new on-axis site with diffuse 31 flow, Ewan, and an active vent structure ~1.2 km from the axis, Capelinhos. These sites 32 are minor relative to the Main field, and our total heatflux estimate for all active sites 33 (200-1200 MW) is only slightly higher than previously published estimates. We also 34 identify fossil sites W of the main Lucky Strike field. A circular feature ~200 m in 35 diameter located on the flanks of a rifted off-axis central volcano, is likely a large and 36 inactive hydrothermal edifice, named Grunnus. We find no indicator of focused 37 hydrothermal activity elsewhere along the segment, suggesting that the enhanced melt 38 supply and the associated melt lenses, required to form central volcanoes, also sustain 39 hydrothermal circulation to form and maintain large and long-lived hydrothermal fields. 40
Introduction and geological setting 44
Hydrothermal activity along mid-ocean ridges controls cooling of the oceanic 45 lithosphere, and impacts its thermal structure and the processes operating there (e.g., 46 magmatic emplacement, faulting, seismicity, diking and melt delivery to the seafloor). 47
Understanding the distribution of hydrothermal activity and its nature is necessary to 48 quantify the associated heatflux, its partition between diffuse and focus flow 49 recognizable at the seafloor, and to evaluate the amount of cooling with no expression at 50 the seafloor (e.g., conductive cooling or low-temperature, diffuse percolation). 51
Slow spreading ridge sections with significant melt supply typically define linear ridge 52 segments with lengths of a few tens of km to up to ~100 km. These segments typically 53 develop ridge-parallel normal faults on both flanks, and thick crust at their center 54 indicating melt-focusing along-axis. As in the case of the Lucky Strike segment, sustained 55 volcanism may lead to the development of central volcanoes (Escartín et al., 2014) . The 56 slow-spreading Lucky Strike segment is unique in that it has been extensively studied 57 during more than two decades, following the discovery of the Lucky Strike hydrothermal 58 field, from hereon referred to as the Main Lucky Strike hydrothermal field (MLSHF), 59 located at its segment center and at the summit of the central volcano (Langmuir et al., 60 6 portion of the Lucky Strike segment. Sonar data are shifted locally to match the 161 microbathymetry, as the navigation of the DSL120 towed vehicle is less accurate than 162 that of ROV or AUVs used in microbathymetric surveys. By themselves sonar data are 163 not sufficient to identify hydrothermal deposits. First, sulfides do not display acoustic 164
properties that are distinct from basaltic basemen.. Second, acoustic backscatter 165 depends on numerous parameters such as insonification direction and angle, acoustic 166 shading, sedimentation, and instrumental artifacts, among other factors. In this study we 167 only use acoustic backscatter to support the interpretation of the microbathymetric data. 168 169
Identification and extent of hydrothermal sites and fields 170
Hydrothermal activity with high-temperature fluid discharge ubiquitously displays 171 mounds and chimneys that can reach up to a few tens of meters above surrounding 172 seafloor, with basal widths of meters to a few tens of meters ( Zones with rubble, which are systematically found along slopes of fault scarps or 182 volcanic structures, show instead a granulated texture due to individual rock blocks, 183 which are systematically smaller than hydrothermal structures (~1-2 m or less, Figure  184 2a). This hydrothermal seafloor texture, which is common to hydrothermal fields (e.g., 185
Lau Basin, Figure 2b ) (Ferrini et al., 2008; Jamieson et al., 2014) , is used here to map the 186 extent of hydrothermal sites within a hydrothermal field, or of new hydrothermal fields. 187
High-resolution acoustic backscatter, which can reveal this 'lumpy' hydrothermal terrain 188 under optimal insonification conditions, is used to complement the microbathymetry. 189
Imagery (Figure 1a ) is critical to confirm that sites identified in the microbathymetry do 190 correspond to hydrothermal deposits, active or inactive. It is also required to map areas 191 of diffuse hydrothermal outflow, young hydrothermal activity, or fossil structures, with 192 no clear morphological signature (bacterial mats, vents, hydrothermal staining, dead7 chimneys, etc.). Extensive seafloor photomosaics are available for the MLSHF, where the 194 hydrothermal activity has been extensively mapped , and 195 additional photomosaics are available for an area ~2 km south of this site, along the 196 ridge axis (Figure 1a ). The rest of the imagery is acquired along HOV, ROV, or tow tracks 197 (Figure 1a) , which is adequate to identify areas of hydrothermal activity but cannot be 198 used to properly constrain the extent and limits of these areas. 199
Hence, the areas of 'lumpy' hydrothermal terrain identified in this study, based on 200 microbathymetric data (Figure 1b Table 1 ). We also report 226 8 three additional hydrothermal sites along the Lucky Strike segment (Figure 3) . Two out 227 of these three new sites, Ewan and Capelinhos, have been visited and are confirmed to 228 be active. The third site at the MLSHF has been visited and confirmed to be inactive (H6; 229 
Grunnus 332
Microbathymetric data and sonar imagery show a possible off-axis hydrothermal field, 333 named Grunnus (Figure 7 ), ~2.5 km west of the MLSHF and corresponding to a 334 spreading age of ~220 kyrs (Table 1) . This structure has a diameter of ~200 m, with 335 steep flanks, and a platform ~40-50 m above the surrounding seafloor to the S, and that 336 abuts against the coalescing volcanic cones and hummocks on the flanks of the rifted 337 central volcano to the north. This platform hosts a 20-m high structure that casts a clear 338 shadow in the sonar imagery towards the E (Figure 7b ). The shape and size of Grunnus 339 is reminiscent of that of the TAG hydrothermal mound, which ha a pancake shape ~200 340 m in diameter and ~50 m in height (Humphris and Kleinrock, 1996) . Microbathymetry 341 and the sonar data show by small-scale rugosity and pinnacles at its surface that we 342 attribute to hydrothermal structures (chimneys, mounds). The volcanic mounds to the 343 north display instead a smooth surface (Figure 7) . 344
While the mound at Grunnus has not been visited, we suggest that this off-axis site is 345 The hydrothermal heat flux that we estimate for the new active sites (5.6-133 MW, Table  457 2) are thus minor relative to the 195/1086 MW previously reported for the MLSHF 458 (Barreyre et al., 2012) . This represents an increase of ~10% in our heatflux estimate 459 that is taken up primarily by diffuse hydrothermal outflow (80-90% of the total heatflux, 460 Table 2 ), although the importance of diffuse outflow appears to vary greatly from site to 461 site (100% at Ewan and almost non-existent at Capelinhos). 462
Water column anomalies and elusive hydrothermal plumes 463
Water column studies throughout the Lucky Strike segment report anomalies attributed 464 to hydrothermal plumes rising from undiscovered fields, although their. evidence is 465 elusive. Light transmission anomalies and elevated CH 4 concentrations south of the 466 MLSHF and central volcano (Wilson et al., 1996) have been attributed to an unidentified 467 but large field at ~2100 m (W in Figure 9 ). During the HEAT cruise (German et TowCam deployment during Graviluck cruise was supported by NSF grant OCE-0623744 to 556
A. Soule and D. J. Fornari (WHOI, USA). This is IPGP contribution #3676. 557 Table 1 . Hydrothermal fields at the Lucky Strike ridge segment. The limit of sites H1 through H4 in the Main Lucky Strike field have been 
